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ABSTRACT 

This invention relates to a DNA fragment coinprislng 
a base sequence (a) the base sequence referred to as 
nucleotide numbers 1-3794 in a sequence number 1 in a 
sequence list; (b) the base sequence (a) a part of which is 
deleted or substituted by another base sequence, or to which 
another base sequence is added. Further, the invention 
relates to a recombinant DNA and transformed plant including 
the above fragment. Moreover, the invention relates to 
fragment developing a promoter activity with a responsive 
property to low temperatures which comprises a base sequence 
CO the base sequence referred to as nucleotide numbers 
1-2797 in a sequence number 1 in a sequence list; Cd) A part 
of the base sequence (c> developing a promoter activity with 
a responsive property to low temperatures; or (e) The base 
sequence (c) or (d) a part of which is deleted or substituted 
by another base sequence, or to which another base sequence 
is added. Further, the invention relates to a recombinant 
DNA and transformed plant including the above fragment. 
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Applicant: (s>: 

KYUSHU UNIVERSITY 

Znventiion Tit:lei 

DNA FRAGMENT, RECOMBINANT DNA, AND TRANSFORMED PLANT 



•The following statement is a full description of this 
invention, including the best method of performing it known to 

me /us: 
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DKA PRAC5MBNT. RECOMBINANT DNA, AND TRAHSFORMBD PLANT 
BACKGROUND OP THE INVENTION 

(0001] 

1. Field of the Invention 

This invention relates to a DNA fragment, a re- 
combinant DNA suitable to produce a breed such as a maize or 
rice having a low temperature resistance, and a transformed 
plant. 



C00021 



2. Description of Related Art 
19 Prom so far studies, it is found that there is a 

significant relationship between a low temperature resistance 
of a plant and a degree of unsaturation of fatty acid 
constructing a bitwiembrane thereof. 

SOMMARY OP THE INVENTION 
IS The inventors experimentally indicated that a trans- 

formed tobacco plant comes to have a higher resistance 
against low temperatures when a fatty acid unsaturating 
enzyme gene zanz derived from an arabidopsls is highly 
expressed in the plant. 
0 [0OO3] 

When a production of a certain protein in a plant 
cell is required, a proB»ter operating constitutively and 
having a high promoter activity has been used, such a 
promoter operates continuously, which is futile in the plant. 
> (0004] 

Por instance, the constitutive promoter is also 
empl<ved When a protein giving a plant a low temperature 
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resistance is pheno typically expressed. Therefore, even at 
ordinary temperatures, the protein for giving the plant the 
low temperature resistance is forced to be unnecessarily 
expressed, causing unfavorable results. 

For such reasons, a development of a site- 
specific and inducible promoter has been required. 
Particularly, it is required that an expression of a 
specific gene is strengthened only at low temperatures, in 
order to produce a breeding intermediate mother body in 
which a gene expressing an enzyme unsaturating a fatty acid 
and other protein genes contributing to a low tenperature 
resistance is inducibly expressed in response to low 
tens>eratures , or in order to make possible production of an 
unstable functional protein using a plant cell. 

The invention provides a promoter capable of 
strengthening expression of a fatty-acid-unsaturating- 
enzyme gene and other protein genes contributing to a low 
teit^erature resistance in response to low temperatures. 

The invention further provides a breed having a 
low temperature resistance using the above promoter. 

The invention also provides a means of utilizing 
the promoter in an inducibly generating system of a 
functional protein in a plant cell being specific to low 
temperatures . 

According to an aspect of the invention, there is 
the provision of a recombinant DNA and transformed plant 
having a low temperature resistance and induced a 
recombinant DNA including the DNA fragment mentioned above, 
respectively , 

According to a second aspect of the invention, 
there is the provision of a recombinant DNA wliich includes 
the DNA fragment comprising the base sequence (c) , <d) , or 
(e) described above, and a transformed plant which 
transduces the recombinant DNA and phenotypically expresses 
35 a specific protein in response to low temperatures. 

Since a rice's low temperature inducible gene 
iifili or maize's low temperature inducible gene mliplS 



20 
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codes a DNA binding factor, they are considered to be a 
gene controlling transcription of other gene groups induced 
or repressed under low ten5>erature stress. The inventors 
have clarified a functional unit of a low temperature 
inducible promoter in the maize's mliplS gene and that the 
functional unit also operates in a transformed plant. 

The inventors has isolated a genomic clone of the 
maize's mliplS gene by an common method. Due to 
determination of nucleotide sequence, it becomes clear that 
the gene does not include a intron (seer Sequence number 1 
in Sequence list) . 

In the gene mliplS , 2.8 kb of a nucleotide 
sequence (0.6 kb of a nontranslated region at 5 '-end and 
2.2 kb of a nucleotide sequence linking at upstream 
thereof, in a mlipiS cDNA) and 2.2 kb of a nucleotide 
sequence (the nucleotide sequence remained after 
subtracting 0.6 kb of the non-translated region at 5 '-end 
from 2.8 kb of the nucleotide sequence) are respectively 
bound with a p-glucuronidase gene as a reporter gene to 
make recombinant DMAs . 

Each recombinant DNA is introduced into a callus 
derived from a rice's scutellum by using a particle gun. 
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The result la that the former maintains a reactivity for low 
teinperatures but the latter lose it. Therefore, it has been 
clarified that the 2.8 kb fragment containing 0.6 kb of the 
nontranslated region at 5' -end has a promoter function 
responsive to low tea^^eratures. 
[0017J 

In the invention, as a vector used for producing a 
recombinant DNA, a plasmid can. for example, be employed. 
Further, as a plant used for introducing the recombinant dna. 
a useful cultivating monocotyledon such as maize, rice, wheat, 
barley, oat, Italian millet, or Japanese millet is preferably 
used. 

A protein produced by induction of the promoter 
according to the invention includes an t*>-3.fatty acid 
. IS unsaturating enzyme etc. 

Moreover, the Invention includes a base sequence one 
or several nucleotides of which are deleted or substituted by 
another base sequence, or to which another base sequence is „ 
added, if it maintains the promoter function according to the 
20 invention. 

BRIEF DESCRIPTION OF THE DRAWING 
The invention will be described with reference to 
the accompanying drawing, wherein: 

Pig. 1 is an illustration diagrammatically showing 
25 mUpl5 region. 

DESCRIPTION OP THE PREFERRED EMBODIMENTS 

tOOlB] 

(Isolation of mliplS genomic clone and determination of the 
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nucleotide sequence) 

A genome DNA prepared from a maize (breed: honey 
bantam) is cut (partially digested) by a restriction enzyme 
Sau3A and then separated by using a sucrose density gradient 
5 centrifugation to obtain 9.7-22 Jcb of DNA fraction. The DNA 
fraction is bound with a X -EMBL3 digested by BamRI and then 
ma)ces phage particles by using Giga-pac)cGoldIi)cit. 

By examinating them by using Escherichia coli XLl- 
Blue MRA (P2> as a host. IxlO' pfu/ml of a library is obtained, 

0 The library is selected by using the whole length of 
the mli pis cDNA as a probe to obtain three positive clones. 

Among them* a clone named "A HI" is found to include 
11.5 )cb of a fragment containing the mlipiS cDNA, 5 )cb of a 
fragment at the 5*. end, upstream thereof, and 5 )cb of 
5 fragment at the 3' -end, downstream thereof. 
(0019} 

In Seq[uence list 1 is shotm 3.794 bp of a base 
sequence being an BcoRi-BamHI fragment including (consisting__ 
of) the whole length of the ml ipT> cdna. 
> A putative amino acid sequence at the region coding 

an ml 1p1 S protein is symbolized under the base sequence by 
one capital letter. Nucleotide numbers corresponding to the 
assumed amino acid sequence are 2798-3205. A terminal codon 
of the base sequence is shown as a mar)c A nucleotide 

1 sequence which is assumed as "TATA box* is underlined and 
also has a description of "TATA box" thereunder. A trans- 
cription initiation point of mlipIS is T as nucleotide number 
2272. 
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[0020] 

(Constructing of recontoinant DNA used for Introducing to 
rice* callus) 

A fragment having the nucleotide numbers 1-279? and 
a fragment having the nucleotide numbers 1-2271 are 
respectively amplified by a PGR method (a polymerase chain 
reaction method) using the maize'mliuli genomic clone as a 
terolate. The fragment of the nucleotide numbers 1-2797 is 
the above mentioned genomic sequence of 2.8 kb which consists 
of 0.6 kb of the nontranslated region at S'-end and 2.2 kb of 
genomic sequence at upstream of the 0.6 kb of the non- 
translated region at 5". end, in mlipli cDMA , The fragment 
of the nucleotide numbers 1-2271 is the above mentioned 
genomic sequence of 2.2 kb and consists of the rest of 2 . 8 kb 
of the nucleotide sequence subtracted by 0.6 kb of the 
nontranslated region at 5 '-end. 

A nucleotide numbers 2798-3205 is a region coding 
the mllpTi protein. 
[0021) 

As an enzyme in the above amplification. LATaqDNA 
polymerase having a proofreading activity is used, m this 
case, each primer is such designed that the base sequence of 
the nucleotide numbers 1-6 becomes a Hind III site (AAGCTT) 
and the base sequence of the nucleotide numbers 2792^2797 and 
the base sequence of the nucleotide numbers 2266-2271 respec- 
tively becon« a Bam HI site (GGATCC) to obtain each primer. 
(0022) 

Bach amplified fragment is integrated between the 
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Bam HI and Hind III sites of a vector used for an Bscherlchia 
coll PUC18 and a confirmation of each base sequence is 
conducted. Using each piasmid %pith each base sequence 
confiraed, each Baa HI - Hind III fragment respectively 
s consisting of 2797 bp and 2271 bp is reproduced and 

Integrated between the Bam HI and Hind III sites of pBI 221. 
Bach obtained recombinant plasmid is respectively named 
pBIn^28 (because of containing 2.6 kb of promoter region in 
the mlipL5.) and pBImp22 (because of containing 2.2 kb of 
10 promoter region in the mliplfi) . 
[0023] 

In Figure 1, the ml ipi s promoter region is diagram- 
ma tically illustrated. Beside, the '"i ^pT^ promoter portion 
contained in the above recombinant plasmid is shown therein. 

15 The syxnbol of "-i-l** indicates a transcription initiation point 
(the nucleotide number 2272), the symbol of "key arrow*' the 
direction of transcription, and the symbol of "ATGi* the 
position of a transcription initiation codon (the nucleotide... 
number 2798). A /3 -glucuronidase gene (abbreviated as GUS) 

20 is used as a reporter gene (its scale is not correct In the 
figure) . 
(0024] 

(Reactivity of the introduced plasmid in low temperatures) 
To a callus derived from a rice* scutellum (breed: 
25 Notohikari), the above each plasmid is introduced using a 

particle-guh (made by BIO- RAD Co.. Ltd.) After the introduc- 
tion, the callus is incubated for 24 hours in a dark place at 
2 5^C and then divided to two parts homogeneously. After 
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respectively incubating for another 24 hours one at 25*c and 
the other at s'c. a GUS test is carried therefor. A GUS 
activity is judged as whether a low temperature reactivity is 
present or not. ty calculating a ratio of the number of blue 
spots per scutellum on an X-Gluc as substrate at 5*c to that 
of 25*C (see: Table 1) . Three times of tests are repeated on 
both plasmids and the results are shown in Table i. 
[0025] 



Induced 
plasmid 


Responsive property to low temperatures 


Ratio of GUS activity(5**C/25**C) 


pBIn!p28 


Experimental 1 


2.7 


Experimental 2 


6.0 


Experimental 3 


4-7 


pBIinp22 


Experimental 1 


1.1 


Experimental 2 


0.62 


Experimental 3 


0.57 



15 



r0026] 

When the pBImp28 is introduced, a high GUS activity 
is obtained. But, when the pBImp22 is introduced, the GUS 
activity is inferior thereto. The following may be derived 
from these results. 

(a) In DMA fragment of the nucleotide numbers 1-3794 of the 
maize' mllpli gemonic clone, the promoter region relating to 
the low teioperature responsive property exists at upstream of 
the putative amino acid sequence coding the mii pi s protein. 

(b) The fragment of the nucleotide numbers 1-2797 contains 
the promoter region relating to the low temperature 
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responsive property. 

<c) The fragment of the nucleotide numbers 1-2271 is expected 
to effect as the promoter, but the fragment itself has a low 
responsive property to low ten^era tares . The fragment itself 
of the nucleotide numbers 2272-2797 has the low temperature 
responsive property and relates to the expression of the 
promoter. 
[0027] 

Sequence list 

/Applicant name ; President of Kyushu university 
Title of invention : DNA fragment, recombinant DNA. and 

transformed plant 
Number of sequence : 1 
Secpience number : 1 
15 Sequence length : 3794 

Sequence type : Nucleic acid 
Number of strand : Double strands 
Topology : Linear 
Original source 

Organism : Maize breed of honey bantam 
Genome of mlipl gene 
Sequence: Genomic sequence of mi "tpi «* 
1 GAATTCCGMTAiUUX»XCCGCAT(XAAC^ 60 
61 GAGGGAAGCMnGCaMAAGACrraXXn-QCAAG^^ 120 
121 CGATCTATAAAAGGATATCT(XXTAGTCG(XrrATATAAQQCTAQQ(V^ 180 
181 AACCMTOIiaCTCnTCACCAGCATAACGOXACTACTAl^ 240 
241 CACCGTCACCCGOGAATCATCTGTAACCCAAG^^ 300 
301 CnAGQCTAnACQCATnAQGCGACCCGAACCTCTATAATmmCT^ 360 
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361 CAOTGCACGTAa^ATCGAGTTQCGAnAACCTOSW^ 42o 

421 CCTCCCAAAAACTCGACCGGACGATAGAMTACTGT^^ ^ 

481 mGGTCCGCQGCTATGAT(W5AATaAGTAGACT^^ 540 

541 ACTGtOTn(OTGCATCTTCT(mnACGTGT6nCTGCAAAnCT(y^TMTC^^ 600 

601 CAAaaewntwascGCMO^^ 

661 WTAQGAT(yinCAAGGGnATGATTTTnAGCT/W:TMnam 720 
^1 AGGTGAAGAnmATTCAAT(yWAfit»X5ACATATCa^ 78o' 
781 CTACn^AAACATQGATGTAAnCTGaACCnTAATAGAGTCCCnAGCTCnc^^ 840 
841 CAAATmAnATATAnAAnACTAGTCCATOAmTAnCTAAmAGrnCGAAAT 900 
901 TACTAAATATAGAAAATAAAATAfiACnnAGTACCAATTATGAAAACTGAAATATAGn 960 
961 HAAmCCGTAnTAGrwmAAATACTAAAATATAATAAAATtXWMC^ 1020 
1021 TAGT(mATAAACCAAACATTCTTTAAATAAAG(XCCCT(«TAQGAC^ 1080 
1081 TTmCTCGCMOMGAAGAATAAAAAAncmGTAACTTTCmCTnCTTm^^ 1140 
1141 TGCGAAAGAAGATAGna:AA£yiCGAATCCAGAGmATCTQGAAfiAAG^ 1200 
1201 TCCTCCTOrnCMCTGTAGATAnATCAGCAAGGtyWGCGTGTC^ 1260 
1261 GTAATCOQCTCCTAnnTTnmGGGAGGGCGCaTCCTACCGGCn(^ 1320 
1321 GGTQGGCAAAmGGTACGATAAAGAAAAAAGAQGAQGACGAGTGQGAGGGCACTTCTG^ 1380 
1381 AAAAAACmTTAATGAGCTGGACCAAGCAGCTGGGCAAGCTGTCACTAGGACT 1440 
1441 MTACTCGTOGCTCGATAACTaJCTCGACTCGQCTOnAGTAGCTCAGCTC^ 1500 
1501 TCGTmAAnnGTAGCGAGCmGCTAGCAnCTAGCTOSAnCTCTAATGAGC^ 1560 
1561 TCGGGrTAGCTCaTGAQCTAGCTCGOAGayWACGAGCTAAG^ 1620 
1621 CTAGTCAnCATCTCKTCTCATCTCTCATAGTmGnTTCTCGTAGTTATGATCTGTGA 1680 
1681 TATGGACATGTGTGGATGTGCCATGTGCTTAAATAmATAnATTGCATGGCTACATGT 1740 
1741 nGTAGTGnAAATACnAAAATATAATTmOGTTATAAATATAmATGTACATAG^ 1800 
1801 TAmATAmAGTTGTGTQGCTCACGAGCaAAOJAGCTGGCTCGAGCTTarTA^ 1860 
1861 CCGAQC0GAQ(X:AGCTAmAQCTC6nAGTATAACGAGCC^ 1920 
1921 TAOTAACGACXCATAACGAQaGAGttATAACGAQtXAAOT 1S60 
1981 AGCTGTCACCGTCGCCXAGTCCGCTTCGnCGGTWGCGGGC^^ 2040 
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2041 naAHCTCMTCCTCCGACCTWCTGMTmCCCAa^^ 2100 

2101 CCCQC^OCCCliXIXGlCCC^^ 2160 

2161 ACCGTCCCCAMTTCCAGAACTACCCT(»Xn(X:A( XTAT^^ 2220 

putative TATA box 

2221 GGTTCXiAAACmOOCCATCTCOGGATAAAMMTAAGGAGTGTC^ 2280 

cONA start site 

2281 TAAGTCCCTCrrCCCTCTCTTTTTCTTACATTOWSCTCCTCt^^ 2340 

2341 nGTTT(Tn(TrrCGATCT(mamCCAGCT 2400 

2401 Aacna:Aax»wxcTCTarmcCTCG^ 2460 

2461 CCCOtmAMTCOGTOOGTCOGAGtMXAi^^ 2S20 

2S21 morraGAOGGOCGOCGTGCTOCIMTGAAGCTGAGOGTOT 2580 

2581 ACTCmCTO^TCtmTMTCTAaarnmCGTOTCTCATGAA^ 2640 

2641 CTCCACCTQCTGAT(XTTCGCCATCTCTCa^TCTCTCrrraCTCTGAWTAGTC^ 2700 

2701 AATCaTaCTAQGtXrTCrrGTnaCCCCATCCTCCCCCCAa 2760 

2761 ACAA6TG0(XTTGTTGMTCa»CAAC»CAA^ 2820 

MSSSRRSS 

2821 GAGGCCCGACAGCAAOCMmACGGACGAGC^^ 

SPDSNDTTOERKRKRHLSNR 

2881 G(^C(»XX»GCOTa»XXmX3GM 2940 

ESARRSRARKQORLEELVAE 

2941 G6TGimGCCTGCAGGCGt»GAAC(XGC^ 3000 

VARLOAENAATOARTAALER 

3001 CG^CCXQSCCACOS^(XACaOCC^ 3060 

DLGRVOGDNAVVRARHAELA 

3061 C(£axmGCAGTC(XTGGGCG(XGTCCrC^^ 3120 

GRLOSLGGVLEVLOHAGAAV 

3121 a^TaXGGAGATGGTCACGGAaiACCGCATGC^^ 3180 

DIPEMVTDDPULRPIOPSFP 
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3181 (XCG^TCCMXXCAlCCCCTf^ 3240 

P H 0 P I G F 4c 

3241 TCTGTCGTCCT(XCQCTGTCTATCTaTAnQGTATATCTAnCATA^^ 3300 
3301 ATCXmGCTmmOTCAGTGnATAAAmOCTTCTTGRAGTGnATAAAnT^ 3360 

3361 CCATCQOWAGGATGTGmGTAGnGTAATATOTGmGGAGTTGTM^^ 3420 

3C1 TOrrATGAAATCGAATATQCCTATATATATATmATGlTOTAC^l^ 3480 

polyA additional site 

3481 AAmGTGAGCCnCTGTCTOTATarrGA(«GATBAATCCAAm 3540 

3541 AATtMAmCGAGAnCGAWTGTCAAGTTGATCGn(»U»^^ 3600 

3601 GACGtaCATACCAAGTTACTGCATmACnAAAATATCTC^ 3660 

3661 AmCTCCACTCmAGAmmOTOTGAGTCAGAAGATAACTACAQCAT^ 3720 

3721 CTCAAn(mTAC(y^TTAaXTCCCTCATCnAACaAmCATC^ 3780 
3781 GATTTrrrGGATCC 3794 



in the clain^ which follow and in the precedix^g description 
of the xnvention, except where the context requires 
otherwise due to express language or necessary implication, 
the word ^comprising-^ is used in the sense of ^including- 
I.e. the features specified may be associated with further 
features in various embodiments of the invention. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 
^- A DNA molecule coirprising the nucleotide sequence 

1 to 3794 shown in sequence 1, or a functional fragment 
thereof, wherein said DNA codes for a promoter which is 
induced by low temperature or a structural gene coding for 
mliplS protein, 

2. A DNA molecule conprising the nucleotide sequence 
1 to 2797 shown in sequence 1, or a functional fragment 
thereof, wherein said DNA codes for a promoter which is 
induced by low temperature, 

3 . A DNA molecule comprising the nucleotide sequence 
1 to 2271 shown in sequence 1, or a functional fragment 
thereof, wherein said DNA codes for a promoter which is 
induced by low temperature. 

^- A DNA molecule which has at least 75% sequence 

homology with a DNA according to any one of claims 1 to 3 . 

5. A DNA molecule which has at least 85% sequence 
homology with a DNA according to any one of claims 1 to 3 . 

6. A DNA molecule which has at least 95% sequence 
20 homology with a DNA according to any one of claims 1 to 3 . 

A recombinant DNA molecule comprising a DNA 
molecule according to any one of claims 1 to 6. 
^- A transformed plant having a low tempearture 

resistance, wherein said plant conprises a DNA molecule 
25 according to any one of claims 1 to 7 . 

^* A transformed plant phenotypically expressing a 

specific protein in response to low temperature, wherein 
said plant comprises a DNA molecule according to any one of 
claims 1 to 7 . 

^0. A DNA according to claim 1 substantially as 

hereinbefore described with reference to any of the 
exaznples . 



Dated this 25''- day of June 1999 
35 KYUSHU UNIVERSITY 

By their Patent Attorneys 
GRIFFITH HACK 

Fellows Institute of Patent and 
Trade Mark Attorneys of Australia 
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